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Arsenic is a very difficult element to identify analytically, and
the imbalances that frequently occur in fractional versus whole oil
determinations are difficult to explain.  Some arsenic compounds may
be thermally unstable and volatilize overhead. All in all, very little
is known about the nature of arsenic compounds in raw shale oil. More
research needs to be done in this area.

As has already been noted, part of the arsenic in raw shale oil is
contained in the fines, or ash. Care should be used in drawing infer-
ences from the ash content figures reported in Table 20, however, since
it is not known if they were obtained from the different retorting pro-
cesses in comparable ways.  It is highly probable, in any event, that
de-ashing to about 10 ppm (maximum) will be required where fixed-bed
catalytic processing (e.g., hydrotreating) is to be used as the initial
upgrading step.  In some instances, de-ashing may take place during the
de-arseniting step. Several de-arseniting processes are currently avail-
able for licensing from Union Oil, Arco, and others (Burger et al.,
1975), but the removal of arsenic requires additional research.

Sulfur

Sulfur concentrations in raw shale oils are in the range of 0.6-0.7
percent by weight, the distribution being fairly flat across the boiling
range, as seen in Figure 26.  (The sulfur concentrations in the lighter
fractions of raw shale oil are slightly higher than those in the lighter
fractions of petroleum crude oils.) Since sulfur is removed by hydro-
processing more easily than nitrogen, the denitrification of raw shale
oil to a satisfactorily low level will also reduce the sulfur content
to an acceptable level.

Oxygen

The oxygen content of raw shale oil is about 1.0-1.5 percent by weight,
higher than the oxygen content of most petroleum crudes, although some
California crudes have oxygen concentrations close to this level. The
oxygen content is not expected to cause any unusual problems during the
processing of shale oils into transportation fuels.
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